During the 2009 influenza A(H1N1) pandemic, a new laboratory-based virological sentinel surveillance system, the Respiratory DataMart System (RDMS), was established in a network of 14 Health Protection Agency (now Public Health England (PHE)) and National Health Service (NHS) laboratories in England. Laboratory results (both positive and negative) were systematically collected from all routinely tested clinical respiratory samples for a range of respiratory viruses including influenza, respiratory syncytial virus (RSV), rhinovirus, parainfluenza virus, adenovirus and human metapneumovirus (hMPV). The RDMS also monitored the occurrence of antiviral resistance of influenza viruses. Data from the RDMS for the 2009-2012 period showed that the 2009 pandemic influenza virus caused three waves of activity with different intensities during the pandemic and post pandemic periods. Peaks in influenza A(H1N1)pdm09 positivity (defined as number of positive samples per total number of samples tested) were seen in summer and autumn in 2009, with slightly higher peak positivity observed in the first post-pandemic season in 2010/2011. The influenza A(H1N1)pdm09 virus strain almost completely disappeared in the second postpandemic season in 2011/2012. The RDMS findings are consistent with other existing community-based virological and clinical surveillance systems. With a large sample size, this new system provides a robust supplementary mechanism, through the collection of routinely available laboratory data at minimum extra cost, to monitor influenza as well as other respiratory virus activity. A near real-time, daily reporting mechanism in the RDMS was established during the London
Introduction
The long-standing national laboratory surveillance system in England known as LabBase [1] collects positive reports of detections of a wide range of infectious pathogens, but does not collect negative results. Two sentinel general practitioner virological surveillance schemes, the Royal College of General Practitioners (RCGP) and Public Health England (PHE, the former Health Protection Agency (HPA) is part of PHE from April 2013) scheme (RCGP/PHE scheme) [2] [3] [4] [5] , and the PHE and Regional Microbiological Network (RMN) swabbing scheme (PHE/RMN scheme) [6] , have been in operation in England since the early 1990s to monitor influenza activity in primary care settings (i.e. community settings) during the winter period. As part of strengthening respiratory virus surveillance in response to the 2009 influenza A(H1N1) pandemic [7] [8] [9] [10] , a new laboratory-based respiratory virus surveillance system, the Respiratory DataMart System (RDMS), was developed in England in 2009. This laboratory surveillance system was initially established to collect both positive and negative results for the specific detection and confirmation of infection with influenza A(H1N1)pdm09 virus from a network of laboratories in England using a newly implemented PCR assay [11] . The system was later extended to facilitate the monitoring not only of influenza virus but also of other major respiratory viruses, including respiratory syncytial virus (RSV), human metapneumovirus (hMPV), rhinovirus, parainfluenza viruses, and adenovirus. The primary objective of the RDMS as a new surveillance system is to alert relevant stakeholders on the incidence trends of these viruses. The RDMS operates all year round collecting results of all routinely tested respiratory clinical samples from participating laboratories. These samples have been taken from both primary and secondary healthcare settings. This paper describes this new RDMS system and results from data collected during the pandemic and post-pandemic periods between 2009 and 2012. It also provides a preliminary evaluation of this new system in comparison with other existing surveillance systems.
Methods
A network of 14 laboratories representing all nine regions of England currently participates in the RDMS, including the national reference laboratory (the PHE Respiratory Virus Unit (PHE-RVU) of the Virus Reference Department, Colindale, London), all major PHE regional laboratories and four local National Health Service (NHS) laboratories. All participating laboratories, except the PHE-RVU, provide routine respiratory virus diagnostics service for their affiliated major regional or local hospitals.
Laboratory tests are requested by clinicians in charge of patient care. Clinicians decide the test each patient needs, and which types of samples need to be taken, and when. The most common sample types reported to this system are nasopharyngeal aspirate, tracheal secretion and nasal and throat swab. This system does not collect data on patients' clinical condition or case definitions used by clinicians.
All participating laboratories detect influenza, RSV, rhinovirus, parainfluenza 1-4 and hMPV using reverse transcription real-time polymerase chain reaction (rRT-PCR), and adenovirus using real-time PCR. All laboratories validated their assays appropriately. Quality assurance is achieved by participation in External Quality Assurance (EQA) programmes.
All respiratory virus test results are submitted to RDMS every week throughout the year. Both positive and negative results are submitted. The test results of influenza A(H1N1)pdm09 were collected and stored in another system before the establishment of the RDMS in November 2009. These results were transferred into the RDMS. Since November 2009, results for other respiratory viruses tested in routine respiratory virus PCR systems (including RSV, rhinovirus, parainfluenza 1-4, adenovirus and hMPV) have also been included in the RDMS.
Influenza A subtyping results were reported by 10 of the 14 participating laboratories; one laboratory carried out the test but results have not yet been reported, and the remaining three laboratories did not perform influenza subtyping.
As part of daily respiratory virus surveillance for the London 2012 Olympic and Paralympic Games, a subset of seven major participating laboratories undertook daily data submission from April to September 2012 to feed into the internal PHE's daily national Olympic situation reports produced during the Games period between July and September 2012.
Although participating laboratories employ different laboratory information management systems (such as Winpath, Telepath and Apex) and data codes, a standard common set of data items has been defined, including items such as sex, date of birth, sample date and virological test results for each virus. Programmes have been developed which standardise these data for combination in a central database. Data submission is carried out through a secure online data submission tool. De-duplication is carried out during data importation using a six-week episode period, which is consistent with the PHE national laboratory database, LabBase [1] , and is intended to capture all possible test results relating to the same episode of a respiratory infection.
Submitted data contain all test results carried out by the 14 participating laboratories for all respiratory samples taken from hospital inpatients, hospital outpatients, and patients in primary care settings. Samples collected through both the RCGP/PHE and PHE/RMN sentinel general practitioners (GP) schemes from patients in the community are also included in the RDMS.
The proportion of samples positive (positivity) for viruses under surveillance is calculated (based on weekly samples tested) by virus type and by age group (<5, 5-4, 15-44, 45-64 and 65+ years) using weekly number of positive detections divided by the weekly total number of samples tested. Positivity was not calculated when the sample size was less than 10 in our study. A three-week moving average of the positivity is used to smooth the random fluctuation of the weekly positivity. The data are analysed to determine trends and predominant virus types. To compare the RDMS with other existing surveillance systems, the overall proportion of samples positive (positivity) for influenza during the 2010/11 and 2011/12 winter seasons are used with the results from other influenza surveillance systems including the weekly influenza-like illness (ILI) GP consultation rates (weekly number of ILI patients per 100,000 GP registered population) reported from the Research & Surveillance Centre of the Royal College of General Practices (RCGP) [5, [12] [13] [14] [15] ; the proportion of total weekly calls made through to the NHS Direct (NHSD) telephone helpline in England for fever in 5-14 years (NHSD Fever) [16] [17] [18] [19] , and the community influenza positivity using the combined overall proportion of samples positive for influenza (including all types/ subtypes of influenza) from the two community-based GP sentinel virological surveillance schemes (the RCGP/PHE scheme [2] [3] [4] [5] and the PHE/RMN scheme [6] ). The original weekly data values for various indicators from other systems were available and examined in comparison with this new RDMS system for season start, peak time and trend.
A subset of four laboratories, including the PHE-RVU, also submit influenza antiviral susceptibility testing results for oseltamivir (from all these four laboratories) and zanamivir (from the PHE-RVU only). Three regional laboratories perform a real-time genotyping PCR for rapid discrimination of a single nucleotide change (tyrosine to histidine at position 275; H275Y mutation) in the neuraminidase gene of influenza A(H1N1)pdm09 viruses that confers oseltamivir (Tamiflu) resistance (methodology available on request). PHE-RVU confirm oseltamivir-resistant virus detections from the regional laboratories and perform additional screening of A(H1N1)pdm09 viruses for the H275Y mutation using pyrosequencing methodology as previously described [20] . In addition, PHE-RVU analyses virus isolates with sufficient neuraminidase activity phenotypically for susceptibility to oseltamivir and zanamivir, by a fluorescence-based neuraminidase enzyme inhibition assay, described previously [21] .
A weekly report is produced, based on the RDMS data of influenza and other respiratory viruses, to track the weekly number of positive results and weekly proportion of positives (positivity) by sampling week, age group and virus type which is summarised in the PHE Weekly National Influenza Report [22] and in the accompanying graph collection on the PHE website [23] .
The process of data collection, management and application for RDMS has been approved by the National Information Governance Board for Health and Social Care.
Results
The number of respiratory samples reported to RDMS from participating laboratories is summarised in Table  1 .
The sample source data is currently only available from three participating laboratories, including the national reference laboratory (PHE-RVU) and two regional laboratories. This represents 43,949 of all 201,537 samples collected from all participating laboratories in the RDMS up to week 27 2012. The sample source data from two regional laboratories indicates that the biggest proportion of RDMS samples (68.3%) were from patients admitted into secondary care settings (mainly hospital inpatients), with 3.0% from primary care settings and the rest (28.7%) from other sources (unspecified or unnamed sources). However, the sample source data from PHE-RVU shows that the majority of samples (88.7%) were from primary care settings, with only 11.3% from secondary care settings. Information is not currently available on sample source from the remaining 11 laboratories.
The RDMS database was set up as a weekly reporting system, although seven laboratories reported daily data during the 2012 Olympic and Paralympic Games period. The reporting delay time from sampling date to the date of the results reported to the RDMS was examined and showed that 63.6% of sample results were reported to the system within a week of sampling, 95.8% within two weeks and 98.1% within three weeks. Results from the daily data submission had been extracted and used to produce the daily PHE national situation report (internal report) during the period of the 2012 Olympic and Paralympic Games. The numbers of positive detections of influenza by type and subtype and any significant findings from the daily data for other respiratory viruses were reported each day during the Games period.
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Discussion
This article presents the findings of a new laboratory-based respiratory virus surveillance system, the Respiratory DataMart System (RDMS), which was developed and implemented during the influenza A(H1N1) 2009 pandemic in England. The system provides useful information in a timely fashion which has contributed to describing the epidemiology of influenza and other respiratory viruses during the 2009 pandemic and the two post-pandemic influenza seasons (2010/11 and 2011/12). The system is also able to monitor a range of other respiratory viruses and influenza antiviral susceptibility. Comparison of this new system (RDMS) with other established surveillance systems shows that it consistently enables us to detect the start of the influenza season at an early time. The system was also successfully used for near real-time, daily surveillance during the London 2012 Olympic and Paralympic Games.
Data from the RDMS system show that the 2009 pandemic virus in 2009/10 had two waves, followed by a further post-pandemic wave in 2010/11, with the most affected age group shifting from 5-14 years in 2009/10 to 15-44 years in 2010/11. In the 2011/12 season which followed, the 2009 pandemic virus circulated very little, with low levels of influenza A(H3) as the predominant strain. This phenomenon has been observed elsewhere in Europe [24] and very low levels of the influenza A(H1N1)pdm09 strain were reported in the northern hemisphere except for Mexico, where it was the predominant strain. Overall levels were low in the United States and Canada during the 2011/12 season [25] . The RDMS system was also able to provide the data to the level of influenza subtype, which is critical in order to understand the epidemiology of influenza each season.
It may also be possible to use RDMS to describe the epidemiology of a range of other respiratory viruses. RSV was the most notable of these, with a high number of positive samples detected and high positivity. The marked regular seasonality of RSV activity was clearly displayed over the study period, peaking each November/December, with the most affected population being children aged under five years. These features of seasonality and the different impact on various age groups have previously been recognised [26] [27] [28] . Clear seasonality was also found for parainfluenza viruses peaking in April to May and hMPV in February to April each year. Children under the age of five years were predominantly affected by both viruses. These findings were also consistent with previous studies [27] [28] [29] [30] [31] . No clear seasonality was found for adenovirus and rhinovirus, with rhinovirus being the second most reported virus in the RDMS following RSV and mainly affecting children under five years old.
Surveillance for influenza is common practice in most European countries [32] but routine surveillance for other respiratory viruses is not common. The RDMS thus provides a new mechanism to monitor the epidemiology of acute respiratory viral infections in a timely fashion.
The number of laboratories that submit data varies by week, which will have an impact on the number of samples received, an issue also seen with LabBase. Therefore, the absolute number of positive detections each week may not be a reliable indicator for disease surveillance purposes. The proportion of samples positive, however, can be a useful additional indicator in situations where the sample size is large enough. year age group, while the number of positive samples only increased slightly over the same time period. This increased testing probably reflected the intensive pandemic case finding practice applied for early detection of suspected cases during the containment phase in the early stage of the 2009 pandemic in England [33] and highlights the value of the proportion positive indicator.
RDMS relies on patients being sufficiently unwell to seek medical care and being considered clinically suitable for testing. A number of other viral and bacterial respiratory pathogens are currently either not included in the test screen or not reported to the RDMS (e.g.
Mycoplasma pneumoniae).
Inclusion of these would affect the overall positivity of pathogen detection. Thus if numbers tested increased significantly but the proportion positive fell, this might reflect poor case finding but could also reflect an alternative respiratory pathogen being responsible for the presumed infection. The seasonality shown in the analyses of the proportion negative may indicate some contribution from other pathogens not included in the RDMS database, although this seasonality may be due mainly to the seasonal variations of respiratory viruses already included in the RDMS.
Daily surveillance data is in high demand, especially during events with high public health importance such as the London 2012 Olympic and Paralympic Games, and influenza pandemic or epidemic periods. It is a great advantage for RDMS to be able to provide daily laboratory data to monitor influenza and other respiratory viruses. This daily surveillance operation can pick up early signs of increased activity of these viruses covered by the system and thus the ability to undertake prompt response and appropriate actions.
Comparing this new system (RDMS) with other established surveillance systems during the 2010/11 and 2011/12 influenza seasons shows that although the peak positivity values from RDMS are lower than from the community-based GP sentinel virological system (probably due in part to a much larger sample size in the RDMS), RDMS generally provides an early indication of the start of the influenza season. Figure 3 demonstrates that the RDMS data could act as an additional important source using routinely available laboratory data to detect the beginning of increased activity of influenza (and other respiratory viruses), and to track their epidemic trends.
The main strengths of the RDMS are that it collects both positive and negative test results all year round for influenza and several other common respiratory viruses. It is geographically representative: participating laboratories include all major regional laboratories plus several local laboratories across the country, with large sample numbers from both community and hospital settings. Similar positive numbers of influenza virus are reported to the RDMS and to the national LabBase database, which collects results from about 100 laboratories across the country, which indicates the completeness of reporting to the RDMS.
There are some limitations for this study. The lack of information on the source of the sample (i.e. primary vs secondary care settings) from many of the participating laboratories is one of them. However, the two regional laboratories where sample source data were available are very similar in terms of sample referral and test procedures, compared with the remaining 11 regional and local NHS laboratories. We therefore believe that the sample source results from these two regional laboratories should be generalisable, i.e. the majority of the samples for the regional and local NHS laboratories are from secondary care settings. Efforts are continuing to capture sample source information from the remaining laboratories.
This study covers the RDMS operation period for three influenza seasons between 2009 and 2012, during which time only the 2011/12 season was dominated by influenza A(H3). Therefore, longer period data from this system will be needed to further evaluate this system's ability to monitor the usual influenza A(H3) circulating situations, compared with other surveillance systems.
Virological surveillance of influenza and other respiratory viruses is crucial in order to determine which viruses are actually circulating in a population, and their timing, trend and impact. Using routinely available hospital laboratory data at minimum extra cost is an important addition to the current respiratory virus surveillance system. This approach has been tried in the US, which showed a good correlation with other influenza surveillance data during the 2009/10 pandemic period [34] . Hospital laboratory test results have been fed into some weekly influenza surveillance reports in some other European countries such as France and Denmark [35] . The RDMS has representative coverage of England, captures high volumes of samples and provides timely reports and feedback to data providers and stakeholders. It provides an important supplement to the routine influenza surveillance systems for both pandemic and seasonal influenza. With the accumulation of further years of data, thresholds and exceedance reports for each virus will become established. Furthermore, the RDMS can be easily adapted to add emerging pathogens, such as the novel coronavirus (MERS-CoV) or a new influenza pandemic virus.
